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Hydrostatic Delivery System for 
Controlled Delivery of Agent 

The present invention relates to a delivery system for the controlled release of an 
agent of interest, as well as compositions and methods of preparation of the deliver 
Jstem.MorepamcuIar.y^epresentinvendonprovides 
delivery system for dispensing an agent of interest to an environment of , 



use. 



BACKGROUND OF THE INVENTION 

Ttaclinictiadvan^ofconcrolW^p^cd^^.^ 
« weu esabhshed i.*,^ „ ^ ^ of conWied 
pharmaceudca. pmparadons stcm fron ^ ^ „ ^ 

Delivay devices and sysKms for ^ ^ Qf ^ 

osmoric dUpemi^devicc, orcombinario^ of ^ 
^Iresc devices and systems arc derived from various compositions and techniques such 

•coveted processes. ExempUfymg these delivery devices m . broad J 
too, rime mlease capsules whose comems have coatings ma, erode at dirTemm mtes 

« tahlea Which operate by osmosis, irespeerive of the mechanism urging to 
conmolled reIca se of „ ageK „ ^ j( ^ ^ ^ ^ £ 

'^^^^tartdmpm^ 

H-c, (i.e. whete the miease of an agent o, interna,, for example 
. a pharmaceutical agent is indepeuden, of its own conccraradon). 

US. 4,601.894, 4.687,757. 4680.323. 4.994.276 disclose conned release 
deltvery devices based on ma.ru systems. These nwrix sys,ems are generally known ,o 
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h* *e abflity to ae.ease pharmaceutics, age™ according ,o aer^rder ^ . 
B ™ Cfc ^"""Wn.f Oelivery, vol. IandH.CRCPms, (,983,,. 

or cor. coated deuvety systtms „ avc ^ d for 

co d g. The „». film ^ to _ modifled wjih 
soluble ro the external fluids in ihc gastrointestinal tract 

U.S. 3.845.770 „d 3.91M99 disclose osmotic devices comprising a core 
compoardon of an active agent in combination with an osmotically effective sote u,ar 
« enclosed b, an ..soluble semi^ole wal, having a rel eaac capacity. The relMSC 
Characrerisdcaofd^deviceahave^nin^v^^^g^^ 
examp 1 e. i „a S .4.o24.84 7 .5,0 82 ,o6 8 . In principle, osmotic delivery employs one or 
mom oamodc praaaura adjuvants, for example a salr, a„d one or mora' components 
nvolved ,„ expansion, for example a polymer, ro deliver „ agem of interns, atfllM 

^nmen,overaperi«ofdme.T 1 ,eosmoacprasaura^„vanupmse„,i nIh e delivHy 
^ceara.ed ra causeu«influx„f„a^ b y„ s ^ s ,^ aMm , Mewaii 

out me .gen, of interns, ft™ ^ inrajor of m ^ ^ fa § 
constant manner. Such systems era capable of zeru-oriermlease kinedes. 

A *■*-■• ** «— I silvery systems as wel, as osmodc devices, is mat 
damage to the wall orshell maufts ft, dte pmmantra releaae of me pharmaceutical 
«•« wrdun a short period of time causing what is Known in me an as "dose dumping- 

^^WOfinmreaUor^aph^^^^^ 
the Wood stream over a short period of time. 
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S.rrulariy, osmetic deliver systems typically comprise one or more openings for the 
passage of an agent from the delivery device to the environment. The manufacture of the 
openings within the deli very device may be carried out using one or more laser drills (e . 
US. 3.845,770 and 3,916,899). The additional steps and machines required for Z 
manufacture of fixed openings within the delivery device also increase the cost of 
manufacture of such delivery devices. 

While delivery systems have been designed that reduce the risk levels to the 
paaent. there still remains significant and inherent shortcomings in osmotic devices in 
' part due to their reliance on che need for an osmotic m * eslaWished beiween 

the contents of me device and the fluid environment as well as ta need for w 
opening*) for the delivery of the agent A blockage of the openings) either durin- 
storage or handling prior to patient consumption or due to the imminent interaction widl 
tetany contents such as solid food paniculate, or simply due to adherence to the 
gastrointestinal cell wall, will alter the osmotic gradient and severely impair the 
performance of the osmotic device. 

In addition, fluctuating osmolarity in the environment of use, such as the human 
gastrointestinal tract, impacts on the reproducibility and performance of osmosis- 
dependent devices. It is well known that the osmolarity of human gastrointestinal fluid 
isHnmmentjy variable in the ^^U^^r^^^uOmMimb^ct 
up to two fold in the fed state within the individual (J*. Dressman. Physiological 
Aspects of the Design of Dissolution Tests. Scientific Foundation for Regulating Drug 
Product Quality- AAPS Press 1997). These natural variables are further pronounced by 
*ets containing varying salt and electrolyte contents. The performance of osmotically 
dnven delivery devices is dependant upon many physiological variables and the dietary 
habns of patients. For example, side effects within patients (the "Abutter effect") 
arising from the concentrated release of a pharmaceutical agent from the release 
opening) of osmotic systems has led to the withdrawal of preparations comprising 
Indomethacin; 
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Additionally, some active agents oosses eht> mi ^i 

=tr— :£ ==== 
■ ===== ~r==- 

osmoQcally-driven devices mn ,n.v "v«yae vice. Therefore, 

y flewce3 com Pnsmg agents characterised as having a hirt ■ 
strength, lack self-regulation. 8 ^ ,OQ4C 

A deUvery system thai is not readily influent h„ m - ■'■ u 
tw™ • y edb y nunor Ganges to its physical 

variables,*,!,,.- • ™™toru«Md thai is .ndependem of physiological 

I,i! »<^^*-»van a on,.ov^ TO ^ VMlagejofthepiiorm 
Thc a boveobjecu S n K [by I he M mbi n a 0 onsoffea. areS ofrf, tm , n , ■ . 
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SUMMARY OF THE INVENTION 



The present invention relates to a deli very svsrem f„, ,k 
agent of interest, as well as con,™ v r>SyStemforthecon ^ release of an 

5 s^Morepattic LI l Z " "** 

spensmg an agent of .merest to an environment of use 

Accordingtoihepresentinvention there is Dmvi ^. >. 

^^20^" ^ '° 3 delivery systtm compSstag , 

6 puiymer is a cross-Jinked polymer wirh * « M ir 

of taw. abou, 0.5 ^» „ ^ 5M ' ' * ** -"«— « 

lotalfontulatioa. waghWio about 50 weight ofUre 



P-sent m a ratio from about 99:1 to about 70:30 by w eigh , ^ *° 

•^^T^ a y " fluid - imblbing — r ~~ - - 

") one r more starch derivative, crossed by Epichlorhydtin, ? Z phoT us 
oxychlonde (POCy, or Sodium trimetaphosphate; 
10 iii) apolygiucan; 

iv) acrosslinkedpolyacrylateresin; 

v) acTOssbnkedpoIyethylenimine; 

vi) acrosslinkedpolyallylamine.and 
combinations thereof, and 

0 homopolyme re ofctoss-IinkedN.vinyl-2- pyro iliaone; 

ii) ^P^expandingcross-Iinkedcellulosederivative^and 
combinations thereof. 
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ove. where™ the dosage form is , mrt^rtcutee matrix tablet, or camule Th, 
*nsmve bamerpo,yn.ers. The hydrosradc deUvery system may be- 

0 '^»^^oo ra pac t , ma o 1 hy.co m p ressi o„orpeUcdzado n ,a m aoix- 
■ypo extrusion spheroid, made by a wet or dry extrusion- 

mm«>hdcoi>,paersorfUIe4imocapsmes;or 

U0 r WCOmpriSinS * ybtads ' ,i,kdi »'-^or S „s i! e„ded 
ma suitable liquid vehicle. ^ 

*>ov, whercin to agem of mKrat , s sctaed ^ ^ ^ 
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a".i-in flamma , ory . anIin , teobialiamoebicidai 

-m-™!** an.iconv.Uan,. and^ press , ms amiarlh ^ ' 

**r . ^smedc. bronchia, dtaor, oiocido b ™^ ba adra,Wg,CaS0 "'"^ 

^ -*» — ^ c^ ov j:i:t„r osu '- *- — * 

^-Wd*™*.*^ CO " m " pove ' *«— • 

sleep inducers. uuuors .'P 0, yP e Ptide f proieins,and 

This summary of the invention does not necessarily describe a., 
features of the in ventioa but that the invention may also reside h 
the described features ^ " * sub ^°^inadon of 
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BRIEF DESCRIPTION OF THE DRAWINGS 

men reference ,s made ro the appended drawings wherein: 

FIGURE 2sh ows^^ 

delivery system of the presenunvenuon. 

FIGURE 3 shows the dissolution profile 0 f the release of an , 

u A « c "t me release of an agent of interest from the 

£~ ^ systra of fc prior „ ^ non . aro (m * 
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DESCRIPTION OF PREFERRED EMBODIMENT 



The present invention relates to a delivery system for the controlled release of an 

*ZT*'" we]J 35 coraposilions — 

aehvery system for rtspensmg an agent of interest to an environment of use. 

The following description is of a preferred embodiment by way of exa™. , 

As used here,,,, d* ttnn -hydrodynamic fluid . inbil)I . = 

potyre*, syutuedc OT0[hcrwise , ^ absfflts „ 

the <Wfcra»aI pressure withfa the pore structure of 

— - — . Such differed „pausto„ esseMWly 

creates an lnKmal smss ta ^ X 



polymer network offers a resistance n rh» ■• 

- Miiance t0 the internal stress tmm rt, 

expanding polymer, This resistance creates a do ' " ^ rap ' dl * 

Pom, tne ratt s of volume incIMM w . u J - * «. A, a S ve„ 

~°oysta,edeve,opsw„ere b ^ vota , 'J™ 7" a " d * *-* 

operating on these .tfnJL f! We ««» 

may be increased bv adding "w c P«ssuteof the delivery system 

fi y "agent of interest" and "ben<ifid'a? • . 
mmuion toptoduee a desired or beneBd* restdt Th , * C| "" 

excipien. „ retard its S o luMitv _J^T " ' 0r » 

^•^^co^pa^cXT:""^^ 

°f discrete acdva particulates Wate!' , \f ™" COmpn ' M 3 

* - * wai S o lu raJ~:r: f : 

«— d. taaWl-l . bioiogicaUyacti ve ro nn ^ * 

P es <te P e "<l"l8 on die environment of use. 
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Examples of beneficial agents are disclosed in r« • 
Pharmacological Basis of Th™ • . ° C ° ' Easton - Pa -« and in The 

pharmaceutical drugs numee.mV.1. • • nutnents, vuamins. 

^ ^ e 

Therapeutic or phatmacoiosicallv aeiiv. ...i... 
tamed u. oal^ . h • « y ^ tances inclu < te - "w are no, 

"°- """^ ™-"fl« 0 ,, antimicrobial, amoebicidrf m -,„„ 

«•"•* andoypera^ve. andpyradc. ^^•™»<*n°c s .. n d. 

*» — * Hoc*, chMod ^ c ^ ' 

deeong« MK , ^ aw-ovaacuta drug, comraeepdve. 

<*«*. .oo-^da! and- MammaKJ „ ^J™' """^ VaS,Ml 
PO<ypepdde.p mreiIK . slMpindu „„ "* *" ~* inWbiI01 , 
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Co™ T- inC ' Ude ' m m »• «•* aod in o rganic 

^ .„ va^s f„™. such * chargM molecular co m I 

phannacolog^ly a cce plabIe s a „a aucn as hydrochloridK , hydrobro ™^ 
phoa pna ,e, au. P l, at e lau[yl4K , nj ^„ P ° ,m "" e - 

5 «u„ j majeate, tartrate, acetate, salicylate anH 

An agent of aso includes dm* ^ 

Mample.bumoilimUedto.atonereicrecen^ .^i- ■ 

•o ««, ««« ^ ^ ^rr^otr^r^' s r dc 
« ^ or Wsamtae systtms .^ maMri ~r^ 

uplifted by die^liaovdaroide a,d aJoha. hrom „', , am " kSaaia ^ s - 

• • . • Py * CCTCI;s,Mrss,Kl '«is«obox a 2id. 11 i a |a n „de 
«e, aninyp^ hydroch)oride> £ 

•**>_*. oaproxen. cofchicine, fenop^en, suUndac . 

«.do Pro ,en „d sodiun, mkM ^ M £~ 

aUOP ' ne - mechaeopoto-ne. oxyphenonium papaverine . 
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and an^sicic agents such as tetraCyclinc , oxytetracycHne ^ 

tetracychne, chloramphenicol, thiabendazole ivermectin a «H „ if •/ 
S urh n c 4om - - , vermecrin, and sulfonamides; antimalarials 

* depone prednisoIone , com , one conjso| ^ ^ - - 

*rord, such as -fc, md flaoxmestcrone; - 

--3^o„ea7.h y dro^ 9 . n0 M7. W5(10H ^ " 

«, norepinephrilK: e j 

c^ovascurar ^ su c as procainamide. procaiMmWe hy<toc 

ZSTd * fya * mok - ~- md — — ■ ™ 

5 S * amnoride 
». «e, aeno.0,, ^ l0l , ^ ^ "J* 1 

"cr.nend.ne; and decno,^ slKh „ ^ ^ 
that act on -ajpha. -adrenergic receptors such as clonidine hydrochloride. 
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»d re a K d C o m po„„^, suchasl<Ihy ^ fluoro . 1M . ^ * 

pyTOhinylJ-S-fluoro-^uiMlnMeartoxyUcacid. 
*s. ^ no, liraiKd t0 , enp[0fy|] . ne 

~* 0— — , -dp^hodc tags suc „ as «« K 

««F«. hydroxyzme , praMpanii mcp[obama ^ ^ 

«* - co*ga Kd a Strog a„s. dW^i^ hydroxy pr()ge!Ierone ^ 
W-™. no.Aind™. ba^asona, «d»«*^ prednisone . ^ 



ho™« and MK-0621; antihypertensive and carfiovasculard™* sue 

vcraparail ' ~ c w -** »*»* — 

5 s P ,o n o„ Ione , chtenhalidonc , ro[oIaMne J « * * 

.ndaennoae; ^Man^ory ^ such - iboprofen , phenyl le i 

Phos P ho„o raycin , inipenera , ^ ^ * 

- «— ^o^. ara ? n " 

*«h ylpropio „. d iMrogenaKd ergot J 
I^M^ p ^.e.p^p^ J J^' 

IWefae. the psaaenc tav(mtio „ pKlvi(ta fa , 
«-~ «~ of *— * or ^ 0Iher p „„ caJ «•« 
-»* «th a zeso^ or near zaso^er sdea* Hneoc , over . ^ 
-tad by physio^ varies h fc ^ of ^ ^ J£* 



- 16 



— »bd ppiytne, ^ ^ of ^ ta — * 

prooenv ^""^^ ^ volume and mass increase due to a net influx of fluid. A desirable 
etasaetenzedby weakinte^oleeulareohesive fotees beewee. nte etoss-unked 'b! I 

pote Jl" ^ 0,flUid * ^ ° f * » ^ on bod, tbe 

pore « and nuetosttuetute of tbe po Iym e r ft,., ^ 

^canve of tneir pore siz e. Ditferendarbydto^c pressure, and in eZ^ 
cptUaty uptake of fluid, *itbi„ a poiytnernetwo* tba. bas a anafcpore J£Z 

polymer networks wiih a large nore ,„,« * 

ge P° re suc fewer interpenetrating structure r n 

perceni mass gain. 
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The fluid-irebibing polytnere of rhis invention arc prefereblv c ras , 

water insoiubie polymers and CM * h Ihe staK „, ~ZT" 
granules or microcapsules. paruc!e ' 

As used herein, "hydrodynamic boundary" refers to anv ™i 

ft d. ayatereof .hi, invention hydrous boundary polyrnere „„ _ . 

» c °n^radonofabout4toabom96wei<rht*.™f. M "^ po ' ,ma " ,r,!,K « 1 "" 
- . . . was ™*' Preferably about 60 to about 95 weiahr 

Abased on the total tvright of the doaage unit. 

Eaunp.es of auitab.. croaa-iinted ^ ^ 
■rabtbtng po,^ ^ of ^ voiume J^"£ 

"veanon include but are notified to: 

• acrylic-acid po.yre.re Mth croas-Unicing derived from aj.y^ucroac o r 
aUylpentaerithritol. teMng c - 

ZTJ a T of * 6001 46 ~* « **- *-*t 

example, but not limited to Carboool rtk/tgti n ^ , 

_ . ^an»poi-RTM.971-P, CarbopolJlTM934-P 

" , O*™™-* (OB Ooodri*. o^ 
-"y'v^brendwire^p^^^^^ ^ 

«m cennpotae at 0J * w/ w concentredon in wa ter a. and a primary 
pamcic area renge tare about 3.00 ,o about ,0.00 mi™, „ di JJ^ 
detenninedbyCouiierCounter; 

' SoTt^ or cross - UnkK1 !BKh **— — * 

E P cb,o m yd„ nor p hosphoroiBoxycliIortde(rocyorSodium 

"^^'^-^by^aucdeu^ayarere^^l: 
singly or in blends; 
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polygjucans such as amvlose rW,- an m n • 

amyiose, dextran, pullulan succinates and glutarates 

comaning diester -crosslinks either singly or in blends- ' 

' 3 TlT s,inked poly8iucans such as those discbsed * us - 3 ^,9o 4 ^ 

3,042.667 (which are incorporated herein by reference)- 

5 • crosslink po.yacrylate resins such as, but not li.ited to, potassiun. 

polyacrylate; and um 

• ™ cross. i „ It « dp „ lymercomposhionsofcrossl . nit 
polyethylentnune and orcrossltaked pojyaliyamine.- 

^P 1 «°f^*od S of,^ ration . fore;talnpteofCartjopol 
polynrer of aciylic acid lightly cross-linked with polyallyl ether of sucrose having at^ 
av^e of M aUy, Soups ^ each sucrose tnolecule, has been discioaed i ^ 
W09.463; 3.033,754; 3.330.72* 3.45 8 .o22 : 3.459.S50; and 4^.S57 (WW 1 ^ 
mcorporared he.™ by reference,. When CarbopoU™. 97I .p is ^ „ ^ 

«, ae vtscosity of a W w/w .oueous soludon ia 3.000 cendpl to S.0^ 
cennpotse. When CartopoLm^P is used, theptefened viscosiry o7a 0^* 2 

of a 0.5% w/w aqueous solution is 30,000 centipoise to 43,000 centipoise 

I"! 0 <POC, • S,,b • 3, 0t **" — '-de hi* antylo! Z 
ZZ" T" 8 **" ° f CmSSUnWnS ' ^ compounds a™i thei, tuerhods of 
P^a™ona rck nown i nmea ft fo r ex roi p I ,.u. S .3. 8 07^andU.S.5,456, 9 21(wh i ch 

y 2-Bdido, Chapter X.Pa 8 es 3,-379. RX. WTusder, X*. BeMiUerand 
" "* «ch » -orporaKd hetein by tefaence, 
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""^ -* - - PUllu,an succinates and 

compounds have been disclosed in US 400' 173 fwWM, •. • 
5 reference! •„•■., , "W-,173 (which is incorporated herein by 

Terence,. T** .dividual polygiucans or Wends derived merefmm can be used to 
amsfy group-( A ) component. 

Crosslink poly^lare resins such as potassium polyacrylare havin. 

toUS4.6S4. 39 3 a nd4.vS4.56 2 ,whicha rei „c mporaKdhereinbyref 
polyacrylate teams are highly » wer Md 

Aa »«d herein. -hydrnsBdcp^ure-moduliuing agent- refe™ one or more 
~^^^^^™ toflM d,,or^ pte .. rapl<lexpam . on 
pdymer (a group* component, serve as an expansion sou** (see be,ow>. or 
eot^nahon of a rapid exp TOion po,^ md expai]3 . on sou w 

Hyrhophflic cross-u^d polymers. ^ m in a, „, as super disintegranta can 

72 d^ d " PanSiOn " PO °^-^™0i- ™csepolymeraarecapab,e 
^"l^up^ofwa^atm.^^^^^ «^ 

thar is atmnger in compaflson t6 weaier » ™ 

vtmTJ ^ SO,Vem ~^*'^ f ™-. Thera^andexrenro 
I!T T ' S ^" to '°" thepOT ' d " izea "' 1 »^»'^PClymerc ro as- U „ l0 . 

■-ole^.^^^^^^^^^^^^^ ^ 
inherent nue ^ KKnt of waICT imbjbid011 m 

invendoTTr k ^ " coroponenrs of mis 

invention include, but are not limited to: 
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Products). ~y.U K c TOS . lintoN . vi „ yl .^ 1 .f 

• cross-litked cellulose derivatives selected ft™, 

impounds sueh es crossed el f ™ * ^ <* ^philie 

--nttse,^?™;^^ * «*. 

s rtojaie or a combination thereof. 
Therefore, the present invention provides a hvH 

a ~tf* capacity ,„ a fluid rawiOTram ^ 
3000we ig «. Bysw^eapaeitvUis^,; ^^: ^ " *" 

(^««me(0-I„i MayMass) /MtiMM!m 
fttferably. fte hydradynamic fluid-imbibing cross n„WA , 
Piastre moduladng at-eat is Rmtawm, the bydrostadc 

*eight%. Preferably thec™< yva ■ ' ght% l ° ab ° ut 500 

*»"**-• H ^ver.hvd roa adcdeIive IysyHaffl " "** °' ** «* 

*. * UP I0 80 ^ ate ako c~rzr r *" 30 wigh ' 

«very reouired, and the dnt S bei„ B debveted. ' * " P<> " " ~ " 
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5 ZLT 99:1 ,0 about !:95 - - p*l 1 L 

^ atir sions °" e " isah,tos ^^ 

~«ap*e, wfucn is not ro be considered limitine an 

r ,™, „ oxygon p. precTOOr . , cMo . ne ^ ^ 
_ AUfa. agcms of to invention can „, MlKttd ■ limited to 

of poussium, lithium, caicium, sodium, ammonium, L , ysiae £?£Z 
cmW. sodium gIyc „e carton and ^ ^ ^ ^ 

sodium s.™*. * toVKCem P"" 0 "*' MdrampeAonue monohydnne 

«*» FKmartooate and sodium mchiosoisocyannusa*. Ch.on„e dioxide (COO 

appucaoons such as cleansing operadons. 

^^P^cinvenuonaisop^^ 

., ^ ^ « precursor. Preferably, when the hydrodynamic polymer comprises 

a carbon dioxide Drecurar n y„^ comprises 
Precursor, oxygen precursor or chlorine dioxide precursor the 

hydrodynamic polymer and the hydrostatic pressure m «d.,l*H 

/ "siaac pressure modulating agent are present in a 



^oTwi 1 ;: 99:1,0 about 50:50 ^-^•-n.-.— w 

AS UMdherci "' U,eK ™-^Wef OTt o any compound or ma^a! to. 

q^j- agent can have more than one acid functional group, that is more than 

r ■ - *«* «P* or inorganic acid in me 

tZ, • 60rl ° WSr "" ra, ™ i ~=— temper. A,so Mu dedas 
«*e .gents are acid alM metal salts (e.g. ^um sal, potassium sal,, etc.,. 

E,ampl« of an acidic agent inCude. but are nor Umited to. citric acid, tartaric 
^^cac^cacid.,™^^,,, ^ ~ 

pyrophosphonc acid or other inorganic ^ „ ^ J 
The noo of the acidic agent and alkaline agent can be detained accords ,o 

irz " t ^ 10 * ^ — ~ - - 

^vtdeafoc^^o,^^^.^^ 

- - «** amount of all-reactive na>[ shouM „„ ^ ^ ^ 

neutrauzaaon.TheamotintofalkaUneasentcanbe.w,.^-,- ■ , ■ 

. . "tune agent can be increased'if it is desired to increase 

P-^e^tofmep^ursorwimtn the deUve* system varies from about 0.5 
.0 about 70 weigh,*. prefcrabl y 2 . about 30 weigh,*, of the rormUau.u. Pmferably 



|he acdic agent and a a*ali„e agen , for J, pIe , ^ 
for example in a powdery or granular state. 
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The hydrostatic coupie as deseriiwi „ 

5 group A h wi«v< • k C ° mPnSeS 3 miXture of at ^ one 

group a, hydrodynamtc boundary compound, and at least one grouo B hvH - 

~-**« ~ ^e comoinadon *us formed is ^J^T 
Positive hydrostatic differential pressure against the fluid env Jnl ew § 3 

10 detennilt ^ ^ ^ ^ C °'~ * couple is 

volume efflux T ' " mCpreSSUrerc ' ,Uire<1,0f,roduc «' i «^ 

olume efflux. Hus ano ,s d» related to d* hydrostanc pressure TOUircd ,„ „„„ 

^rr** - - Mw ° f 2,1 — ■ 

or au ageu, .ha, exhibit a nigh degree of phannaeologieal acdvitv a I 

die aaent fnm »l. j t* """"logical acovrty. a slower release of 

"lydrosuuecoupleas^videdinPo^ulal ft is » be ^derssood, however thatthe 
of release of an agent of interest. 

The present i nvenuon fl fto provides for a delivery system ihat utih'2es capillarity 
* > — of «uid hnbibidon, „d volume of ^ ^ 

odcbydrosouicp^ TheresuftadtbydnJ^' 
hyttadynauuc boundary po^ of fte hydroMfflic for * 
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component), create a hydrodynarnic boundary which is Ca n,K, , 

, , * ' 1 noc ,,m »eQ to a matnx compact suitable fnr 

ta» .nciudea. for exampie. ta not ^ ro , 

-* « hari , «„ ^ can ^ te ^ from ^ - 

^The pharaaaceudca. dosage fonn my ^ ^ ^ 

20 ~lorant(s) and lubricants): ^"^eeraungagemls), 
Hk dosage fonm „ d Mwf ^ fc 
oo S m en c. I ^ tria , iCte ^ nemdwnfrcdon ^ wi . cat . ons 

incorporadng the aoHd dosage f orm s «. ^ inc , ude one 

compaciionenhaooen.chaiiiielingagtnKeUdanE luhri..„,, • """m. 
adherents. nts,su<lants - lutaa ««.«»«'ngpol)TOcr3andanU- 
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Hydrostatic Delivery System 



!0 



""n flU ' d ° f .*« MViro "»»'- -* - «— or Cher bio.ogica, fluid fce 
water of fluid . imbibed inra me Mrc of „ e ^ sysKB ^ 

hydraoon. due ,„ the hydrostadc coupfc . T „ e ^ rf ^ 
group-A components „f fc sysKm increasB dw [o a na jnflow ^ 
~. Concurrently, fc rapidly expanding hydrostatic-pressure moduladng agent 
(group-B component) aiso increases in volume. However due to the differential mtes and 
extents of volume increase of the individual polymers, a posidve differentia! hydrostatic 

■ a ^*'P°b™*micropo»^^ 

tne hydrostade couple rypicafly arising , rom rhe „=, effect of two dynamical!, 
mdependent processes contributed hy each component of the couple. 

W^'^htaStobebotmdby^ 
■here is a given rado of me number of hydratedgroup-A pardcles and expanded panicles 
ormofccules of *e rapid expansion-group-B pardcles, Ant cmares a posidve differendal 
P^WsMrostadcpmssumactsa^ 

mflow of water will equal the outflow of warer. The msuhan, hydrostade volume efflux 
overwhelms the passive diffusive volume efflux wirhin me deUvery system. When me 
■nflow and outflow of water become equal, the system manifest* a dy^rnic consnmt 

panicles of the agent of interest along with any other adjuvant. 

TO *^™*i"S»tel«undbymeory,„e 1 d M dcsofvolnmefluxesdue,othe 
bydmsudceoup.emaybeexpwnedasfollows: Upon contact with an external fluid due 
<o surface tension „f „,» Iiquid „d smface ftee e^rgy at the soHAuqutd inKrfaee. the 
Itqurd wets the poms of thehydrosmdecourue components. Fluid enters into the pontus 
snucture of me components due to hydrostadc capillary acdon and surface tension Utis 
tmbtbtdon eondnues so long as mem is a pmssure difference as a result of density 
dtfferences between the imbibed liquid and the vapor (or air) within * e soli d pWymer 



nerworic of che hydrostatic couDle Th<wx~ ■ - ^ 

coupie. Therefore water inflow will continue until all solid 

components and polymerpores have been hydrated 

P-»- of dtssolved solutes or agon, of i„ ttrest . a„ d „ ^ by 

emirdl = ^ is *" " -*» « - P— o,I 

Equauom: dV/dt,. = dv/dt K - [dV/dt x C] e 

Tie rare of volume Mux is substantia great* Chan the diffusive Me of effln* thus - 
'5 ^^tvotaeinoreaaeisobaervedCseeHgurel). «■>«.*». 

_ to ^ h ~^»ver y s y s K mof I Ms i »v m do„, t h e prese„ceof.hyd raB(i c 
Ttodrfferenoa,^^^^^^^^ 

vo^gain^doBv^s^.^o^effl^duoU.hydros^p^Zt 
grearer dtan ft e oo„ 0i b lU ,o„ to vo lu me effl. aa aL^ plt 

5 ° f * 6 " - <~c couple, the rate of vo,ume effj 

P*oaches a* evenly eoua* *. rate of volume This represents a dynamic 

^ys^wimazeroneti^invo.umea.daconsrantsurfaceL.ofu.n^Z 

offl-cono^llad.n.dde^mtnenbyhydtosuidcpreasnre within the delivery system Tne 
dehvery system wn0S e performs , s indcpenden( „ fc 



10 



25 



0 



»*. of me nm of farast „ , hc volume w „ hjn 

t0ttl «*—'» <* *• agen. of i„ ttra is ^ its sa J"' "* ** "* 

- «*« n ux „ a* MraaM , «^ ~— 

cquaoon (equation 2): rcP,eSe " Kd b > f ° U °™S 

M a: dV/dt, = dV/dt K - [dV/dt h + dV/d^ x q, 
dV/dt, = dV/dt K - [dV/dt, x C] e 

The above description is no, inn^ , 0 Umi , ^ d 
accessary for the mvennve solution. 

" =====s~=== 

^ wi me present invention in any manner. 

Examples 

Example 1: h^mmsn of hvdm^,,,. 

^up. r^rt coupie * ~ ^ by «— * ^ or 

W C °~ f0U0Wed by ~ c of components to 

agent of interest xs prepay and combined with the hydrostatic couple. TTus may be 

A manufacturing process for a hydrostatic delivery system in form nf 
MhiAr , ^ , VC1 / system in form of a matrix 

tablet involves ihe following general steps: 



20 
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- zs - 

a) Preparation of group-A components); 

b) Preparation of group-B components); 

c) Preparation of agent of interest formulation; 

d) Blending a)-c); 

5 ')Comp ressin8tlleb , endintoasu . iab|ecomi)m; 

0 Coating a, e compact „ iIh a suitab | e poJymer 
faeEarationofpn,,,. r Bgm ^ 

' Onta. ft. Placed iKm(s) or M 

«*-* *za. a, ftc wct „ ^ d "* — 

~— . ^ ::rr ve " set a ra,m 

a*™* (sown #6M00). 4,loun S"vcroaRoKpfo r 3 J t 

BaasBon of i^ir-p B1 ,| lf . • 

Emmies m a convection oven set at 30-35 °C for nn • 




3"auao„,Ua &Fcbiffir , 986 , ^'^^a^nnanaodJ.Kang. 
«*»-. org^uteon, orn.ic^apsu.adon orotha,^ meUlo4 
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»«* wherein the influx of fluid is equal to the efflux ofcff ^ 
-.oiled increase in the dynamic P L of "~ ' 

volume afterapeHodof tL d "„1 " ^ "* — - 1 

corresponding ^ reJea5c ' F, gurc 4 shows the 

- agent of interest for over 16 hours. Fi gures 2 Z 4 1 ° f 

« independent on the conc entta don of * ^ ° f imerest 

P-ure within ^edehvety ^ fa .^T "~ °" *" 

"very system, the kmetjcs of agent release is zero-order. 



Examples 3-6: 
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In these examples hydrostatic delivery a/ 
of various thence agents are preyed. Two 




achieve zeK^fcr Bnedcs * " ' *-» « be ^ to 

20 «« ^ be setaed co„ sMeIiog seveTv^l f ^ 
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Sample 3 : Extended Release Theophylline 80 m g 

~ 1 ^Hl!±_J_^^ 2 



Theophylline USP 



Carbopol 971P NF 



CrospovidoneXL-10 



Crospovidone INF- 10 



godiumLamylSuj phate NF 
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80.00 mg 



320.00 mg 
6.40 mg 



80.00 m g 
320.00 mg 



0.00 mg 



Colloidal Silicon Dioxide 
NF 



4.00 mg 



3.00 mg 



0.00 



mg 



6.40 mg 



4.00 mg 



3.00 mg 
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Example 4: Extended Release Nifedipine 60 



mg 



Components 



Nifedipine USP 



15 | Carbopol 971PNF 
Carbopol 934P NF 
Crospovidone XL-10 
Crosphovidone INF-10 



Formu la- 1 
60.00 mg 



i7I.0o m g 

9.00; 



Cyclodextrin NF 



20 



Sodium Lauryl Sulphate 



.Colloidal Silicon Dioxide NF 



3.60 m g 
0.00 mg 
2.00 mg 



Formula -2 



60.00 mg 



171.00 mg 



9.00 ma 



0.00 mg 



1.50 mg 



3.00 mg 



3.60 mg 



2.00 mg 



1.50 



mg 



3.00 mg 
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Example 5 : Extended Release DiWazem 60 



10 



Components 


Formula-! 


Formula-2 


Diltiazem USP 


60.00 rag 


60.00 nig 


Carbopol 97IP NF 
Crospovidone XL- 10 


171.00 rag 


171.00 rag 


Crospovidone INF- 10 


3.60 rag 
0.00 mg 


0.00 mg 
3.60 mg 


Cyclodextrin-NF 

Colloidal Silicon Dioxide NF 


2.00 mg 


2.00 mg 




3.00 mg 


3.00 mg 
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Example 6: Extended Release Buspirone hydrochloride 



20 



mg 



20 
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Components 


Formula-l 


Formula-2 


Buspirone Hydrochloride USP 


20.00 mg 


20.00 mg 


Carbopol 971PNF 


171.00 mg 


171.00 mg 


Crospovidone XL-10 


3.60 rag 


0.00 mg 


Crospovidone 1NF-10 


0.00 mg 


3.60 mg 


Cyclodexcrin NF 

Colloidal Silicon Dioxide NF 


2.00 mg 


2.00 mg 




3.00 mg 


3.00 mg 



All citations are herein incorporated by reference. 



